Research in contextEvidence before this studyThe French population is ageing with an increasing prevalence of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH). However, the economic and clinical burdens associated with NAFLD/NASH and associated liver disease progression is not well characterised.Added value of this studyWe assessed the death rates and costs of hospitalization in diagnosed patients with NAFLD/NASH using records from a French National hospital database. All patients in the French hospital system with a diagnosis of NAFLD/NASH between 2009 -- 2015 were captured. Patients diagnosed with these diseases had higher hospitalization costs after diagnosis compared with before, and costs increased with disease progression. Similarly, death rates and rates of accompanying diseases such as diabetes, hypertension and cardiovascular disease increased with disease progression.Implications of all the available evidenceThese results of high economic and clinical burdens have broad public health implications. They suggest that NALFD/ NASH will have a substantial and increasing future clinical and economic impact and the timely identification and effective treatment of NASH in the primary care setting prior to inpatient admission will be required to reduce the impact observed in this study to the French hospital system.Alt-text: Unlabelled box

1. Introduction {#sec0001}
===============

Nonalcoholic fatty liver disease (NAFLD) and its progressive form, nonalcoholic steatohepatitis (NASH), are chronic liver diseases recognized as the hepatic manifestation of metabolic syndrome \[[@bib0001], [@bib0002]--[@bib0003]\]. NASH can progress to advanced liver disease and lead to compensated cirrhosis (CC) followed by end-stage liver disease, which includes decompensated cirrhosis (DCC) and hepatocellular carcinoma (HCC). End-stage liver disease results in liver-related mortality, with liver transplantation (LT) providing the only curative option [@bib0004]. Modelling studies estimate that the prevalence of NASH in France will rise from 3.6% in 2016 (2.32 million cases) to 5.0% in 2030 (3.39 million cases) along with a rising prevalence of diabetes in an ageing population [@bib0005].

Emerging evidence suggests that advanced fibrosis in patients with NASH, including CC (fibrosis stage F4), is considered to be the most important predictor of clinical outcomes and overall and liver-related mortality \[[@bib0006], [@bib0007], [@bib0008], [@bib0009], [@bib0010]--[@bib0011]\]. A recent phase 2b randomized global clinical trial of 258 patients with NASH reported that 19.0% of those with CC at baseline experienced a clinical event (DCC, HCC or death) in a median follow-up of 30.9 months [@bib0012] and a recent systematic review and meta-analysis of 1495 patients with histologically confirmed fibrosis reported an exponential increase in the risk of liver-related mortality and an increase in all-cause mortality with increasing stage of fibrosis [@bib0013].

However, the risk of disease progression and mortality associated with NASH is not well understood due to inherent limitations in the designs of previous clinical trial and small cohort studies. Patient selection biases common in clinical trial design may have introduced a mismatch between trial populations and patients in the real-world. In addition, patients outside of a controlled trial setting are subject to routine clinical practice disease identification and management patterns which may differ from those dictated in clinical trial protocols. The well-designed systematic review of histologically confirmed patients evaluated findings from small cohort studies and study entry required both liver biopsy and referral by experienced hepatologists, which likely introduced selection bias towards patients with worse prognosis. Furthermore, while the gold-standard to assess liver disease severity stage is liver biopsy, it has low uptake in the real-world and is associated with sampling variability [@bib0014].

In addition to natural history, real-world data on the resource utilization and direct healthcare costs associated with NAFLD and NASH remain limited [@bib0015]. In one modeling study, the economic impact of NAFLD in France was estimated as €11.4 billion (€784 per patient) annually, with inpatient (hospitalization) costs as the primary cost driver [@bib0015]. This study was informed by limited real-world data and thus required several modeling assumptions.

With these limitations, data gaps regarding diagnosed NASH patients' natural history and economic burden in the French population require further evaluation. Health Technology Assessment (HTA) organizations strive to improve medical decision making by leveraging real-world evidence from large health system, which generally provide data on large real-world populations over extended observation periods \[[@bib0016],[@bib0017]\]. These database studies allow for an increased understanding beyond clinical trials and small cohort studies on patients' health outcomes and healthcare utilization subject to real-world clinical practice patterns. Therefore, the objective of this study was to identify and longitudinally follow French hospitalized patients with NAFLD/NASH diagnoses to characterize their demographics, comorbidities, natural history including risk of mortality and disease progression, and economic burden by evaluating a national database of all hospital admissions in France over an extended time period.

2. Methods {#sec0002}
==========

2.1. Study design and data source {#sec0003}
---------------------------------

This was a retrospective, observational cohort study using data sourced from the French computerized hospital database for medicine, surgery and obstetrics (PMSI-MCO: *Programme de Médicalisation des Systèmes d\'Information -- Médecine, Chirurgie et Obstétrique*) from 1 January 2009 to 31 December 2015. The PMSI-MCO database is a comprehensive record of all hospitalizations in France (including public and private hospitalizations) \[[@bib0018],[@bib0019]\] and includes over 30 million public and private admissions per annum (outpatient encounters not included). Discharge diagnoses are coded in the PMSI-MCO database using the International Classification of Diseases, 10th Revision (ICD-10), which was implemented in France starting in 1997. Medical procedures are coded using the national Common Classification of Medical Acts (*Classification Commune des Actes Médicaux*). Hospital inpatient date of death is also recorded in the PMSI-MCO database.

2.2. Study sample selection criteria {#sec0004}
------------------------------------

Previous studies have reported that NASH is underdiagnosed and thus under-coded, likely owing to a lack of available treatments. As such, both NAFLD- and NASH-diagnosed patients were included in the study in a combined cohort. Patients who were 18 years of age and older, with at least one claim with a diagnosis code for NASH and/or NAFLD (ICD-10 K75.8, K76.0), and who were identified in the PMSI-MCO database between 1 January 2009 and 31 December 2015 were included in the study. The first diagnosis of NAFLD/NASH marked the index date. At any point during the study period, patients with other causes of chronic liver disease were excluded as were patients infected with human immunodeficiency virus. Patients were required to have data available for at least 6 months preceding the index date. Patients were longitudinally followed from NAFLD/NASH diagnosis until death or the end of the study period (31 December 2015), whichever occurred first, as shown in the study schema (Supplemental Fig. 1). Included patients were split into four cohorts according to the level of liver disease severity at diagnosis (NAFLD/NASH, CC, DCC or HCC). For the hospitalization resource utilization and costs analyses the LT cohort was also characterized.

2.3. Study outcomes {#sec0005}
-------------------

Demographic data extracted from the database included age and sex. Medical data extracted from the database included number of hospital stays, the Diagnosis Related Group (DRG) for each hospital stay, length of stay and ICD-10 diagnosis. Comorbidities based on an ICD-10 diagnosis -- HTN, hyperlipidaemia, obesity, CVD, sleep apnoea, DM, renal impairment -- were also extracted from the database. Economic data included inpatient care costs (annual costs per patient) directly extracted from standard cost estimates completed in the PMSI-MCO database. Inpatient healthcare costs are reimbursed by the French national health insurance body to hospitals through a national DRG-based payment system. The DRG of a hospital stay is determined based on the recorded discharge diagnosis and classifying procedures performed during the stay.

Baseline demographics and clinical characteristics were assessed at the index date for each disease severity cohort. Presence of comorbidities was recorded in both the pre- and post-index periods (i.e., prior to and following diagnosis) for each disease severity cohort.

Post-index hospitalization resource utilization and costs for each cohort (NASH, CC, DCC, HCC and LT) were calculated to the earliest of (1) death, (2) end of study period, (3) 12 months after the index date, and (4) index for a new disease severity cohort. Pre-index resource utilization and costs were assessed in the period at least 6 months (up to 12 months) prior to the index date. Patients included in the analysis had a minimum of 1 month of follow-up following the index date. Annual resource utilization and costs were calculated from per-patient per-month utilization and costs within the \> 1-month and ≤ 12-month index periods. Annual healthcare costs and resource utilization were evaluated separately for each disease state and no cumulation across multiple disease states occurred within a single patient. All costs are reported in €2015.

2.4. Statistical analysis {#sec0006}
-------------------------

Absolute and relative frequencies of categorical variables are reported, and the mean, standard deviation median, and 95% confidence intervals are provided for quantitative variables. Student\'s *t*-test for comparison between two independent groups with the assumption of normal distributions was used for mean annual healthcare costs. Comparisons of the disease stages of NAFLD/NASH and CC, when medical and lifestyle interventions may be applied to slow or stop disease progression, were made to more severe disease stages.

The generalized linear model (log-link function; gamma distribution) was applied with incremental burdens of costs (mean annual cost) as the dependent variable. The purpose of the generalized linear model was to evaluate the adjusted effects associated with increased disease severity on incremental annual costs (cost ratios) after controlling for potential confounders, such as age, and certain comorbidities, such as DM and CVD, that are themselves associated with an increased cost burden. Variables for a disease severity model comprised of NAFLD/NASH (reference), CC, DCC, HCC and LT. Other variables applied to the model were age group (5-year increments), gender, HTN, DM, obesity, hyperlipidaemia, renal impairment, CVD and sleep apnoea.

In the disease progression analysis (Kaplan--Meier curves for progression), rates of liver disease progression were evaluated for NAFLD/NASH to CC, DCC, HCC and LT/death, as well as for CC to DCC, HCC and LT/death, and time to progression for different stages of liver disease.

In the survival analysis, Kaplan--Meier curves for mortality were generated for each patient cohort: NAFLD/NASH, CC, DCC, HCC and LT. Mortality as a variable was non-mutually exclusive (e.g. if a patient with CC moved to DCC and then death, they were counted in the CC mortality group and the DCC mortality group). Due to constraints associated with the PMSI database, only mortality events which occurred in the inpatient setting were evaluated. All statistical analyses were performed using SAS® version 9.4 software (SAS Institute Inc., Cary, NC, USA).

3. Results {#sec0007}
==========

3.1. Demographic and clinical characteristics {#sec0008}
---------------------------------------------

In total 49,721,264 unique patients were included in the PMSI-MCO database between 2009 and 2015 and 186,956 patients (0.4% of the population) had a diagnosis code for NAFLD/NASH. Of these patients, 131,656 met the inclusion criteria for the study (NAFLD/NASH patients without exclusionary diagnosis). Median follow-up was 34.8 months (interquartile range: 15.6--57.6). Over the full study period, 125,052 patients had a diagnosis of NAFLD/NASH and experienced no further progression; 1491 (1.1%) had a diagnosis of CC; 7846 (5.9%) had a diagnosis of DCC; 1144 (0.9%) had a diagnosis of HCC; and 52 (0.04%) underwent LT. A total of 6967 patients (5.3%) died within the study period ([Fig. 1](#fig0001){ref-type="fig"}). The mean (standard deviation \[SD\]) age of the patients with NAFLD/NASH at index diagnosis was 55.9 (16.2) years and ranged from 51.7 (13.0) years (LT) to 70.1 (11.1) years (HCC) across all stages of severity ([Table 1](#tbl0001){ref-type="table"}).Fig. 1Flow diagram for selection of the study cohort. NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant**.**Fig. 1Table 1Demographic and clinical characteristics of patients by severity of liver disease.Table 1Severity of liver diseaseNAFLD/NASH (*n* = 125,052)95% CICC (*n* = 1491)95% CIDCC (*n* = 7846)95% CIHCC (*n* = 1144)95% CILT (*n* = 52)95% CI**DemographicsAge, years**Mean (SD)55.9 (16.2)55.8 - 56.062.2 (12.9)61.6 - 62.965.0 (16.4)64.7 - 65.470.1 (11.1)69.5 - 70.751.7 (13.0)48.1 - 55.3**Sex, n (%)**Female67,293 (53.8)53.5% - 54.1%675 (45.3)42.7% - 47.8%3900 (49.7)48.6% - 50.8%315 (27.5)25.0% - 30.2%25 (48.1)34.0% - 62.4%Male57,759 (46.2)45.9% - 46.5%816 (54.7)52.2% - 57.3%3946 (50.3)49.2% - 51.4%829 (72.5)69.8% - 75.0%27 (51.9)37.6% - 66.0%**Comorbidities, n (%)**CVD50,990 (40.8)40.5% - 41.0%777 (52.1)49.5% - 54.7%5582 (71.1)70.1% - 72.1%767 (67.0)64.2% - 69.8%36 (69.2)54.9% - 81.3%Diabetes mellitus57,979 (46.4)46.1% - 46.6%1011 (67.8)65.4% - 70.2%3559 (45.4)44.3% - 46.5%634 (55.4)52.5% - 58.3%25 (48.1)34.0% - 62.4%Hyperlipidaemia46,919 (37.5)37.3% - 37.8%603 (40.4)37.9% - 43.0%2726 (34.7)33.7% - 35.8%366 (32.0)29.3% - 34.8%11 (21.2)11.1% - 34.7%Hypertension65,225 (52.2)51.9% - 52.4%1001 (67.1)64.7% - 69.5%5073 (64.7)63.6% - 65.7%797 (69.7)66.9% - 72.3%28 (53.8)39.5% - 67.8%Obesity69,267 (55.4)55.1% - 55.7%848 (56.9)54.3% - 59.4%3285 (41.9)40.8% - 43.0%429 (37.5)34.7% - 40.4%22 (42.3)28.7% - 56.8%Sleep apnoea24,511 (19.6)19.4% - 19.8%327 (21.9)19.9% - 24.1%1338 (17.1)16.2% - 17.9%146 (12.8)10.9% - 14.8%4 (7.7)2.1% - 18.5%Renal impairment27,173 (21.7)21.5% - 22.0%432 (29.0)26.7% - 31.3%3098 (39.5)38.4% - 40.6%337 (29.5)26.8% - 32.2%31 (59.6)45.1% - 73.0%Diabetes mellitus **OR** hyperlipidaemia **OR** hypertension87,252 (69.8)69.5% - 70.0%1239 (83.1)81.1% - 85.0%5895 (75.1)74.2% - 76.1%940 (82.2)79.8% - 84.3%38 (73.1)59.0% - 84.4%Diabetes mellitus **AND** hyperlipidaemia **AND** hypertension26,773 (21.4)21.2% - 21.6%460 (30.9)28.5% - 33.3%1688 (21.5)20.6% - 22.4%236 (20.6)18.3% - 23.1%6 (11.5)4.4% - 23.4%[^1][^2]

The majority (82.0%) of patients with cirrhosis (CC or DCC) were first identified with a decompensation event (7657 patients first identified with DCC out of a total of 9337 identified patients with cirrhosis) (Supplemental Table 1).

3.2. Comorbidities {#sec0009}
------------------

Patients with NAFLD/NASH across all stages of disease severity had high comorbidity burdens, with the comorbid burden generally higher in patients with more advanced liver disease ([Table 1](#tbl0001){ref-type="table"}). Rates of CVD were higher in patients with CC (52.1%), DCC (71.1%), HCC (67.0%) or patients requiring LT (69.2%) than in those with NAFLD/NASH (40.8%). Additionally, the combination of the comorbidities of DM, hyperlipidaemia and HTN was reported in 21.4% of patients with NAFLD/NASH and 30.9% of patients with CC.

3.3. Hospitalization resource utilization and costs {#sec0010}
---------------------------------------------------

The annual number of hospital visits following diagnosis was higher in patients with more severe liver disease (CC, 4.2 \[SD, 8.6\]; DCC, 7.0 \[SD, 11.1\]; HCC, 8.7 \[SD, 10.3\]; LT, 10.9 \[SD, 24.6\]) than in patients with NAFLD/NASH (3.1 \[SD, 5.6\]) ([Table 2](#tbl0002){ref-type="table"}). Patients with NAFLD/NASH had a higher annual number of visits (3.1 vs 2.4) following diagnosis compared with before.Table 2Pre- and post-diagnosis annual mean all-cause hospitalization resource utilization and costs by severity of liver disease.Table 2Severity of liver diseaseNAFLD/NASH overall (*n* = 125,052)CC (*n* = 1491)DCC (*n* = 7846)HCC (*n* = 1144)LT (*n* = 52)PrePostPrePostPrePostPrePostPrePost**Annual number of visits (n)**Mean (SD)2.4 (5.1)3.1 (5.6)2.8 (8.0)4.2 (8.6)4.7 (8.7)7.0 (11.1)3.0 (4.4)8.7 (10.3)11.6 (32.8)10.9 (24.6)Median1.02.02.02.02.03.42.05.04.06.595% CI2.4 - 2.43.1 - 3.12.3 - 3.43.7 - 4.64.5 - 5.06.7 - 7.22.7 - 3.38.1 - 9.31.1 - 22.03.6 - 18.3**Length per stay (days)**Mean (SD)2.7 (10.2)4.1 (7.4)3.2 (5.5)3.5 (5.6)5.2 (16.6)9.1 (15.4)3.8 (13.6)5.6 (6.3)5.2 (10.1)9.0 (7.6)Median1.03.01.52.03.06.11.74.02.86.595% CI2.6 - 2.84.0 - 4.12.8 - 3.53.2 - 3.84.8 - 5.78.7 - 9.42.8 - 4.75.2 - 6.02.0 - 8.56.7 - 11.2**Annual cost per patient (€)**Mean (SD)5075.9 (8387.8)7736.3 (13,870.1)5828.2 (7933.9)10,001.5 (19,933.3)11,892.0 (14,864.6)25,620.6 (35,101.6)7241.0 (8882.3)26,171.7 (23,461.5)19,844.4 (25,363.5)82,978.5 (64,774.0)Median2482.84121.33252.24468.96711.214,109.94405.819,422.89478.261,534.395% CI5001.7 - 5150.27659.2 - 7813.55283.0 - 6373.48980.6 - 11,022.411,475.1 - 12,308.924,806.0 - 26,435.36602.1 - 7879.824,762.4 - 27,581.011,732.7 - 27,956.063,743.0 - 102,214.0[^3]

Similarly, the length of stay per visit was longer in patients with DCC (9.1 \[SD, 15.4\] days), those with HCC (5.6 \[SD, 6.3\] days) and those who underwent LT (9.0 \[SD, 7.6\] days) compared with patients with NAFLD/NASH (4.1 \[SD, 7.4\] days), although the length of stay was shorter for patients with CC (3.5 \[SD, 5.6\] days). Diagnosis of NAFLD/NASH lead to an increase in length of stay per visit (4.1 post-index vs 2.7 days pre-index).

Annual hospitalization costs were generally higher for patients with more advanced liver disease compared with those with less severe disease, increasing from €7736.3 (SD, 13,870.1) in patients with NAFLD/NASH to €10,001.5 (SD, 19,933.3) with CC, €25,620.6 (SD, 35,101.6) with DCC, €26,171.7 (SD, 23,461.5) with HCC, and rising markedly to €82,978.5 (SD, 64,774.0) when patients require LT (*p* \< 0.0001 for all comparisons with NAFLD/NASH, [Fig. 2](#fig0002){ref-type="fig"}).Fig. 2Incremental annual costs by liver disease severity: (A) unadjusted mean annual hospitalization costs per patient in 2015€ and (B) adjusted cost ratios (generalized linear model, gamma distribution, log-link function; adjusted for patient demographic and clinical characteristics). \**P*-values compared to NAFLD/NASH; \*\**P*-values compared to CC. NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant; CI, confidence interval; SD, standard deviation.Fig. 2

3.4. Model for healthcare costs {#sec0011}
-------------------------------

An adjusted multivariable model demonstrated that age, gender, certain comorbid conditions and increased disease severity were significant predictors of higher hospitalization costs (all *p* \< 0.0001; [Table 3](#tbl0003){ref-type="table"}). Similar to the unadjusted model, adjusted cost ratios for patients with NAFLD/NASH (controlling for patient demographics and comorbidities) significantly increased with liver disease progression ([Fig. 2](#fig0002){ref-type="fig"}). This result indicates that the rise in unadjusted costs observed with increased NAFLD disease severity are primarily driven by liver disease. Compared with patients with NAFLD/NASH, adjusted cost ratios were 1.2 (95% confidence interval \[CI\], 1.11--1.23) times higher for patients with CC, 2.7 (95% CI, 2.61--2.74) times higher for those with DCC, 2.9 (95% CI, 2.76--3.11) times higher for those with HCC, and 10.0 (95% CI, 7.54--13.36) times higher for those who underwent LT (*p* \< 0.0001, [Fig. 2](#fig0002){ref-type="fig"}b). Comorbidities including CVD, renal impairment, HTN and sleep apnoea were also significant predictors of higher healthcare costs (all *p* \< 0.0001; [Table 3](#tbl0003){ref-type="table"}).Table 3Adjusted multivariable model for incremental burden of hospitalization costs in patients with liver disease.Table 3ParameterRelative increase95% CI*p* value**Demographics**Aged \< 65 yearsReferenceAged 65--69 years1.131.11--1.15\< 0.0001Aged 70--74 years1.261.24--1.29\< 0.0001Aged 75--79 years1.321.29--1.35\< 0.0001Aged ≥ 80 years1.501.47--1.53\< 0.0001FemaleReferenceMale0.940.93--0.95\< 0.0001**Disease severity**NAFLD/NASH overallReferenceCC1.171.11--1.23\< 0.0001DCC2.682.61--2.74\< 0.0001HCC2.932.76--3.11\< 0.0001LT10.047.54--13.36\< 0.0001**Disease severity**CCReferenceDCC2.292.16--2.42\< 0.0001HCC2.502.31--2.71\< 0.0001LT8.586.41--11.47\< 0.0001**Comorbidities**CVD1.651.63--1.67\< 0.0001Renal impairment1.321.30--1.34\< 0.0001Diabetes0.880.87--0.89\< 0.0001Hyperlipidaemia0.890.88--0.90\< 0.0001Hypertension1.051.03--1.06\< 0.0001Obesity1.011.00--1.020.2121Sleep apnoea1.181.17--1.20\< 0.0001[^4][^5]

3.5. Disease progression {#sec0012}
------------------------

A Kaplan--Meier analysis of patients diagnosed with NAFLD/NASH over the 7 years of study follow-up found that 5.0% of patients progressed to cirrhosis (CC or DCC) and 0.5% of patients progressed to HCC ([Fig. 3](#fig0003){ref-type="fig"}a). Furthermore, of patients diagnosed with CC, 27.5% progressed to DCC and 5.4% to HCC ([Fig. 3](#fig0003){ref-type="fig"}b). Patients diagnosed with NAFLD/NASH at baseline were over 5 times more likely to subsequently be diagnosed with DCC (2.2%) than CC (0.4%) (Supplemental Fig. 2).Fig. 3Kaplan--Meier Analysis of Progressive Liver Disease in Patients with NAFLD/NASH (A) or CC (B). NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; NAFLD/NASH *N* = 125,052, CC *N* = 1491.Fig. 3

3.6. Mortality {#sec0013}
--------------

Kaplan--Meier analysis of mortality found that mortality increased with liver disease progression ([Fig. 4](#fig0004){ref-type="fig"}), starting in the first year following diagnosis. After 1 year, mortality was more than twice as high in patients with CC than in those with NAFLD/NASH (4.9% vs 2.2%), more than 4 times higher in patients with DCC than in those with CC (19.7% vs 4.9%). Overall mortality after 7 years was 7.9% in patients with NAFLD/NASH, 18.0% in patients with CC, 34.9% in patients with DCC and 48.8% in patients with HCC.Fig. 4Kaplan--Meier survival analysis of NAFLD/NASH patients to mortality or liver transplant by liver disease severity. Note: Patient groups are not mutually exclusive. NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; NAFLD/NASH *N* = 125,052, CC *N* = 1491, DCC *N* = 7846, HCC *N* = 1144.Fig. 4

4. Discussion {#sec0014}
=============

By characterizing and longitudinally following for up to 7 years over 100,000 patients in the PMSI database, which has been used extensively to provide real-world evidence to HTAs and medical decision makers [@bib0021], this retrospective, observational cohort study of all hospitalized patients with a NAFLD/NASH diagnosis in France between 2009 and 2015 addresses important data gaps in our understanding of the disease. Specifically, this study provides important evidence on patient identification patterns in real-world clinical practice, natural history of the disease in diagnosed patients, and the substantial impact of NASH and its progression to severe liver disease on patients' hospitalization resource utilization and costs. Unlike other French healthcare databases, which provided data on a limited sample of a population to inform generalizations to a broad population, the PMSI records every inpatient admission in the country and thus extrapolation of our findings from a sample to a population is not needed. Previous NAFLD studies report a substantial increase in the burden of the disease late in its course and driven by inpatient admissions \[[@bib0022],[@bib0023]\]. Based on these factors, the PMSI provided an ideal research setting for an evaluation of French NAFLD disease burden.

This study provides evidence regarding the clinical practice identification patterns of patients with NAFLD/NASH in the real-world setting. While the NAFLD prevalence rate in France is estimated to be greater than 20%, [@bib0005] only 0.4% of the French hospital inpatient population had a diagnosis for NAFLD, which indicates that many hospitalized NAFLD patients are not correctly identified and diagnosed in the French hospital system. Furthermore, 82% of patients with cirrhosis in the study were first identified at decompensation stage. These findings are in alignment with previous studies which note that NAFLD/NASH is frequently identified late, as the majority of patients have non-specific symptoms in the early disease stages that would not routinely be identified in clinical practice \[[@bib0022],[@bib0024], [@bib0025], [@bib0026], [@bib0027]\]. Moreover, it has been reported that reliable and validated non-invasive tests, which can distinguish between mild/moderate (stage F0--2) and advanced (stage F3--4) liver fibrosis in NAFLD and avoid the morbidity risk associated with liver biopsy, are not yet widely used \[[@bib0025],[@bib0028]\]. Screening for NAFLD/NASH is currently not recommend by practice guidelines due to the lack of treatment options [@bib0029]. However, with consistent findings of vast underdiagnosis of NAFLD, along with the current development and review of promising NAFLD pharmaceutical interventions, [@bib0030] compelling evidence exists to support implementation of broad NAFLD screening to identify patients at earlier stages in their disease course.

The finding of the late diagnosis of NAFLD implies that this study\'s sample of NAFLD patients is skewed towards those with more advanced disease as these are the patients most likely to be identified in clinical practice; therefore, this study\'s natural history estimates likely overestimate the true risks. However, given this study\'s strict exclusion criteria and that all hospitalized patients with a diagnosis for NAFLD have been collected, this study provides valuable information to practitioners and decision makers regarding diagnosed NAFLD patients' risks of progression and mortality for the foreseeable future and until a time when all NAFLD patients entering the French hospital system are correctly identified and diagnosed.

Kaplan--Meier survival analysis of patients diagnosed with NAFLD/NASH demonstrated that mortality increased substantially with liver disease progression and after 7 years, mortality was more than doubled in patients with CC (18.0%) compared with those with NAFLD/NASH (7.9%), and doubled again in patients with DCC (34.9%) compared with those with CC. These findings build on earlier studies of patients with NAFLD and histologically confirmed fibrosis, which found that mortality was substantially increased in patients with advanced fibrosis (fibrosis stage F3 and F4 \[CC\]) compared with patients with no fibrosis [@bib0013]. Furthermore, mortality was high for all patients with NAFLD/NASH, as the overall mortality in the NAFLD/NASH cohort of 7.9% was higher than the expected rate of 5.2% for the general French population of a similar age [@bib0031].

This study also found that patients diagnosed with NAFLD/NASH are at a high risk of progression to more advanced stages of liver disease. The real-world progression rate of patients diagnosed with CC to clinical events (DCC, HCC or death) found over 24 months in this study (19%) further builds on a recent clinical trial showing that 19% of patients with CC progressed to a clinical event in a median time of 30.9 months [@bib0012]. The findings provide evidence of the need for clinical management to screen and diagnose NAFLD/NASH at earlier stages of the disease, when interventions to potentially halt progression to cirrhosis or reverse liver disease progression can be applied [@bib0032].

NAFLD/NASH is one component of metabolic disorder, and a high incidence of comorbidities associated with metabolic disease have been observed in previous studies of patients with NASH \[[@bib0001],[@bib0033], [@bib0034], [@bib0035]--[@bib0036]\]. Similarly, this study of patients with NAFLD/NASH found a high comorbidity burden: at least 40% of patients diagnosed with NAFLD/NASH had comorbidities of DM, CVD and HTN. Rates of comorbidities in this study increased with NAFLD/NASH disease progression to CC and DCC.

Our results show that hospitalization resource utilization increases with diagnosis of NAFLD/NASH and with liver disease progression, with an increase in the annual number of hospital visits and increased length of stay per visit. As resource utilization increased, unadjusted and adjusted hospitalization costs also increased with disease progression. While NAFLD is only one component of metabolic disease, which is associated with many costly comorbidities, similar significant increases in unadjusted and adjusted cost ratios (controlling for patient demographics and comorbidities) indicate that liver disease was the primary driver of increased costs seen in the NAFLD population. A study on patients with hepatitis-C also using data from the PMSI reported substantially lower mean annual costs with disease progression of €2104 (CC), €10,400 (DCC), and €11,739 (HCC) (all €2013) than found in this study [@bib0037]. Thus, progression to severe liver disease may have a markedly higher economic burden in NAFLD/NASH compared with hepatitis-C, possibly due to the high burden of costly metabolic comorbidities associated with NAFLD/NASH patients. Additional evaluations of the burden of NAFLD may consider building on the results of our adjusted model by establishing a cohort of non-NAFLD matched patients for comparison with NAFLD patients to further elucidate the incremental resource utilization burden associated with NAFLD diagnosis.

The substantial number of patients with DCC identified over the time period of this study, along with the high cost burden associated with DCC diagnosis, indicates a high economic burden associated with French NASH patients' progression to DCC. Specifically, over 7500 individual patients diagnosed with DCC and an annual hospitalization cost associated with DCC diagnosis of over €25,000 suggest an estimated total cost burden to the French hospital system associated of over €200 million over the course of the study.

Certain comorbid conditions in patients with NAFLD/NASH were also associated with increased costs when controlling for patient demographics and liver disease severities, indicating that the cost burden associated with NASH also extends to extrahepatic conditions. Specifically, CVD and renal impairment were associated with the largest cost increases. However, an unexpected finding in the study was that DM and hyperlipidaemia were associated with a negative impact on costs. Previous research has suggested that treatments for these conditions, such as insulin sensitizers (e.g. pioglitazone) and statins, may have extended treatment effects on the liver, leading to a slowing of NASH disease progression \[[@bib0038], [@bib0039], [@bib0040], [@bib0041]--[@bib0042]\].

A key strength of this study is the large population-based, longitudinal dataset that has been utilized, which includes all hospitalized French patients during the study period. To our knowledge, this study represents the first assessment of NAFLD/NASH patients' real-world economic and clinical outcome in France. Longitudinally following patients for up to 7 years provided sufficient time to evaluate disease severity progression and associated changes in economic burden. Certain limitations should be acknowledged that were inherent in the PMSI database. Calculated resource utilization and costs are also all-cause figures, rather than relating to a specific diagnosis, treatment, and management of comorbidities. In addition, costs incurred outside a hospital setting, including all outpatient costs, were not captured and patients with NAFLD/NASH concomitant with other aetiologies of liver disease were excluded from the study; therefore, the hospitalization resource utilization and costs estimated in this study are likely to be an underestimation of the true economic burden. Further evaluations of the NAFLD diagnosis patterns in routine clinical practice and characterizations of the clinical and economic burdens of the disease outside of the hospital setting are needed to fully elucidate the impact of the disease to the French health system. The data may be affected by database entry errors and misclassification. Patients with NAFLD/NASH alone who were included in our analysis might include F0-F3 patients as well as undiagnosed F4 (compensated cirrhosis) patients due to under-coding and the lack of specific ICD-10-CM codes for F0-F3. We thus could not granulize rates of progression by fibrosis stage and variations may exist in the composition of fibrosis score distribution by database. The apparent under-diagnosis of NAFLD likely led to this study providing overestimations of the true risks of progression and mortality. Furthermore, the observation of NAFLD underdiagnosis highlights the need for treatment guidelines to consider a recommendation of broad NAFLD screening with validated identification algorithms. Such screening algorithms, if based on age and combinations of obesity and metabolic commodities observed in this study to be associated with NAFLD, may also be utilized in future database evolutions to identify and characterize undiagnosed NAFLD patients and cryptogenic cirrhotic patients with likely NAFLD etiology of liver disease. In addition, owing to the nature of the PMSI database, patient mortality that occurred outside of the inpatient setting was not recorded leading to the potential for underestimation of the true risk of mortality by disease stage.

In conclusion, this study of the French hospitalized population found a high comorbidity and economic burden associated with NAFLD/NASH and a high risk of disease progression and mortality. These results, along with the model estimates of increasing prevalence of NASH among the French population, \[[@bib0005],[@bib0015]\] likely have broad public health implications. They suggest that NASH will have a substantial and increasing future clinical and economic impact and the timely identification and effective treatment of NASH in the primary care setting prior to inpatient admission will be required to reduce the impact observed in this study to the French hospital system.
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[^1]: Demographic and clinical characteristics measured in the pre- and post-index (diagnosis) periods for each liver disease severity group. As patients can progress through the liver disease stages, groups were not mutually exclusive.

[^2]: CC, compensated cirrhosis; CVD, cardiovascular disease; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplantation; NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CI, confidence interval; SD, standard deviation.

[^3]: CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplantation; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; CI, confidence interval; SD, standard deviation.

[^4]: Generalized linear model (gamma distribution; log-link function) adjusted for patient demographic and clinical characteristics and severity of liver disease.

[^5]: CC, compensated cirrhosis; CI, confidence interval; CVD, cardiovascular disease; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplantation; NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
